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-CH stretching vibration at ~2920 cm -1 bands area, were measured for each spectrum.
142
The average relative areas and the mean value were then obtained and plotted versus pH 143 by linear regression to each AGD concentration.
Neutralized gels were cut into small pieces (2 g) and placed in a centrifuge tube (diameter 147 10 mm) with a filter paper (2 filters Whatman nº 1, diameter 90 mm). The samples were 
228
The strong bands at about 2920cm -1 and 2850cm -1 correspond to the asymmetric and 229 symmetric -CH 2 stretching modes respectively and the -CH 2 bend band that appears at 230 approximately 1420 cm -1 (Vasconcelos, Nunes, & Vasconcelos, 2012) . The band at 231 1730cm −1 is due to the stretching of C=O of the carbonyl of acetyl groups in pure KGM.
232
The band at 1645 cm -1 , which is attributed to in-plane deformation of the water molecule 233 (Zhang, et al., 2001) , reveals water molecule clusters with moderately strong hydrogen 234 bonding with the network (Shen & Wu, 2003; Zhang, et al., 2001) ). This band could 235 therefore indicate the presence of intermolecular hydrogen bonds (Damodaran, 1997) 236 established at the time of hydration.
237
In FTIR spectra from 3% AGD without alkali (L1.0) and treated with small quantities of The 5% AGD obviously needed more 0.6N KOH to achieve more than 90% deacetylation.
245
For 5% AGD, the ratios were: sample with 2% alkali (L2.3), 23%; 3% (L2.4); 58%; 4% 246 (L2.5), 91%. 6% alkali (L2.6) was needed achieve total deacetylation of AGD.
247
The acetyl band in FTIR spectra was barely perceptible within the pH range 10.8-11.4 in 248 the case of 3 % AGD and 11.0-11.4 in the case of 5 % AGD. Within these pH ranges the 249 percentage of acetyl released by KGM reached the point where structural changes take 250 place, producing a gel suitable for our practical purposes. These are analysed in 251 subsequent sections. The acetyl band was imperceptible and the area was not 252 measurable within the spectrum of 3% AGD at pH 11.9 (L1.6).
253
As a consequence of the alkali addition there was also a significant increase in the 254 intensity of the band in the region ~1560cm −1 (Figure 1 ), which may be attributed to the 255 acetate anion (CH 3 -COO -) since this band was not found in L1.0 and L2.0 (AGD without 256 alkali) at concentrations of either 3 or 5% AGD, respectively. The intensity of this 257 characteristic band (1560 cm -1 ) increases with increasing pH, i.e. when KGM chains are 258 being deacetylated. The CH 3 -COOanion has two resonance forms which are both 259 equivalent, providing more energy stabilization for the acetate group (Allinger, 1988) . The 260 energy of this resonance hybrid is less, so that the acetate group can be recognized by its 261 vibration frequency (1560 cm -1 ), which is lower than that of carbonyl (1730 cm -1 ) in the 262 acetyl group prior to deacetylation.
263
The increase of KGM concentration did not influence the characteristic position of different 264 FTIR bands, as the IR spectra were similar at 3% and 5% KGM. 
278
Given that the purpose of this gel is to retain the texture in a network containing the 279 muscle, and given that the WBC of this muscle is very low, these high WBC values of 280 deacetylated KGM are essential to bind enough water to preserve juiciness during any 281 heating process, e.g. cooking.
282 Table 2 shows the water binding capacity (WBC) of samples L1.3-L1.5 and L2.3-L2.5 283 together with lightness (L*) values of samples L1.1-L1.5 and L2.1-L2.5.
284
WBC values were all greater than or equal to 71% in weight ( 
288
This electrostatic charge reduced the mobility of the water molecules and facilitated the 289 formation of clusters by hydrogen bonding among water molecules themselves and with 290
OHs of KGM.
291
The Lightness (L*) values of gels were greater than 44 in all cases. This is similar to the 292 value recorded in a white seafood muscle (Sánchez-Alonso, Careche, Moreno, González,
293
& Medina, 2011), which is interesting if these gels are intended for use in seafood 
303
At a similar pH, L* did not differ significantly among gels with different concentrations of 304 KGM; significant differences were found only at high pHs (L1.5 and L2.5). Gels with the 305 higher KGM concentration (5%) had a high density of cross-links between chains with M A N U S C R I P T
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The values of breaking force (BF) and breaking deformation (BD) measured at 25ºC are 311 shown in Table 3 .
312
The trend of pH dependence was similar in 3 and 5% KGM gels. 
323
(before and after the gap zone). Thus, molecules associated by interactions of this kind 324 possess a basic mechanism of inter-chain association based on the same physical 325 principle (in both states: before and after gap zone), so the capacity to alter form during 326 applied force is similar. This standardizes their mechanical response to applied stress, so 327 that BD is practically constant in all samples (Table 3) . Therefore, if we take the BF and
328
BD data together, we find a considerable increase in the net rigidity of samples after the 329 gap zone, due to enhancement of the number and size of the junction zones produced by 330 more intense deacetylation.
331
With respect to increased KGM concentration, comparison of samples at similar pH shows 332 that gels with 5% KGM were naturally firmer and stronger with higher breaking force (BF) The effect of the deacetylation percentage at both KGM concentrations (3 and 5%) on stress and strain amplitudes (σ max , γ max ,), complex modulus (G*) and loss factor 346 (tanδ=G''/G') within the LVE range was examined (Table 4 ). In the case of 3% KGM, both
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where the exponents p and q distinguish the different classes of weak gels, in this case at indistinguishable in that respect), while G' was approximately 1 or ~2 orders of magnitude 417 larger than G'', and both moduli were practically frequency-independent over the 418 frequency range analysed. L2.3 sample (23% deacetylation) presented a frequency 419 dependence profile that was qualitatively similar to that of L1.2 (26% deacetylation), but in 420 this case the decrease of both G' and G'' with frequency was greater, particularly in the 421 low frequency range, converging at the lowest frequency (0.1 Hz) (Figure 3b) . Thus, the 422 values of p and q were higher (p=0.462 and q=0.226) and the difference (50%) was 423 greater than in 3% KGM gel, so that both elasticity and viscosity decreased with increasing 424 oscillation time (lower frequencies). However, the loss of elasticity was noticeably faster 425 than the loss of viscosity, indicating that the viscoelastic response of L2.3 shifted towards 426 one typical of concentrated solutions, as generally occurs when the system is close to the 427 sol/gel limit (Lapasin & Pricl, 1999) .
428
Therefore, in order to form a denser, packed network with a high degree of connectivity 1994) . It is also apparent in the higher n, and in the lower elasticity. This is consistent with 513 the fact that the WBC value was the highest, since a tighter network can better retain the 514 water molecules in the gel, thus reducing the rupture force.
515
Thus, from all the rheological and structural analyses, it seems that with 3% KGM 516 concentration a very high ratio of acetyl release (95%) is needed to obtain more cohesive, 
523
The addition of different quantities of 0.6N KOH to 3 and 5% AGD was effective in 524 enhancing the gelling ability of KGM in different ways. The difference was essentially 525 dependent on the required deacetylation ratio.
526
Increased KGM concentration produced two essentially different rheological effects on the 527 internal structure of the samples, depending on the gap found in the linear representation 528 of the relative area of acetyl bands versus pH at either KGM concentration (3 and 5%). At 529 low pH (~9.2) (before gap) the higher KGM concentration (5%) made physical networks 530 less elastic (high tanδ), much more flexible (high γ max ), more frequency-dependent 531 (convergence between G' and G'' values at low frequencies in mechanical spectrum) and 532 less time-stable (high n value) than samples with the lower KGM concentration (3%).
533
Conversely, at high pH (~10.7) (after gap), samples containing either 3 or 5% KGM were 534 all true gels, with little frequency dependence and with comparable conformational 535 flexibility (similar γ max ), although 5% samples were naturally more rigid (high values of BF, 536 S and G*). Therefore, it is reasonable to conclude that the gap zone separates the two 537 basic behaviours of physical networks in terms of the possibility of transition from a gel to a 538 sol state. This is greater in the case of 5% KGM, whose weaker network at pH ~9.2 would 539 qualify as a reversible gel that may revert to a sol over longer times.
540
Therefore, at similar alkaline pH~10.7, a 3% KGM concentration produced suitable gels Values are given as mean ± expanded uncertainty limit (EUL )
a-e Different small letters in the same column indicate significant differences among different pHs at fixed glucomannan concentration (p <0.05)
A-F Different capital letters in the same row indicate significant differences between 3 and 5% glucomannan concentration (p <0.05) at similar pH. 
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A C C E P T E D ACCEPTED MANUSCRIPT Table 4 . Limit values of linear viscoelastic (LVE) range: stress (σ max )and strain (γ max ) amplitudes, complex modulus (G*)and loss factor (tanδ) of glucomannan gels among pHs from the beginning to total deacetylation at 3 and 5% glucomannan concentration ν=1Hz ,T= 25ºC
Values are given as mean ± expanded uncertainty limit (EUL) 
